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to form ouabain bound E2P (ouabain E2P). Ouabain also strongly inhibited the light scattering change during the sequential appearance of species of Ej P (12). For a better understanding of the mechanism, it is important to determine the number of BIPM residues involved in the dynamic fluorescence change and their localization in the three dimensional structure of the molecule. To investigate this point further, the enzyme was modified sequentially with BIPM and DAM which are a good donor-acceptor pair for fluorescence energy transfer (13): DACM has an absorption spectrum which overlaps BIPM emission. Fluorescence energy transfer has been effectively used as a spectroscopic ruler in the 10-80 A range in a wide variety of biological macromolecules (14). One fluorescence energy transfer suggested that the ouabain binding site is located approxi mately 74 A from the FITC binding site (Lys 501), which is assumed to be related to the ATP binding site (15, 16) . In this paper, we investigated the number of modified residues in the a-chain of Na+,K+-ATPase and the relative fluorescence intensity change during ATP hydrolysis with or without ouabain. The localization of these fluorescence residues was also estimated by limited proteolysis using trypsin (17, 18). The data indicated that some BIPM and DACM residues change their microenvironment out of phase during the hydrolysis of ATP. They also showed that BIPM and DACM residues are, respectively, involved in each tryptic peptide containing the ATP binding site and the phosphorylation site (16), and at least one DACM residue which changes its microenvironment during ATP hydrolysis is located close enough to accept energy from some BIPM residue(s) in the three dimensional structure before denaturation of the enzyme by SDS.
Materials and Methods Na+,K+-ATPase was purified from pig kidney by sodium deoxycholate followed by Nal as already reported (8) . The specific activity of the enzyme preparations was about 600 ,umol Pi/mg protein/hr. Na+,K+ ATPase activity was measured by a coupled assay using pyruvate kinase and lactic de hydrogenase as described (19). The amount of phosphoenzyme was also estimated as described (8) . Protein concentration was estimated by the method of Bradford (20) with bovine serum albumin as a standard.
The treatment of BIPM was started by the addition of an acetone solution of 4 mM BIPM to obtain a final concentration of 0.2 mM in 4.6 ml of solution containing 4-6 mg ATPase protein, 25 mM sucrose, 5 mM KCI, 5 mM EDTA-Tris and 50 mM imidazole-HCI (pH 7.4) at 0°C. The treatment was stopped by the addition of 35 ml of a solution con taining 50 mM sucrose, 1 mM EDTA-Tris, 25 mM imidazole-HCI and 2 mM Q mercaptoethanol (pH 7.4) at various times (1-120 min), and each sample was washed by centrifugation using a Sorvall SS-34 rotor at 20,000 rpm at 1 °C for 20 min to remove BIPM-mercaptoethanol.
The precipitates were suspended in a 40 ml solution containing 50 mM sucrose, 25 mM imidazole-HCI and 1 mM EDTA-Tris. The suspension was centrifuged again and the precipitates were suspended in a solution containing 0.25 M sucrose and 1 mM EDTA-Tris (pH 7.4) to give a protein concentration of 4-5 mg/ml. The treatment of DACM on the enzyme, which was pretreated with BIPM for 20 min, was started under the same reaction con ditions as for BIPM treatment, except that DACM was used instead of BIPM, and the concentration of BIPM treated enzyme was 1.3-1.9 mg/ml protein. The treatment was stopped at various times (0.66-18 hr) as described above, and each sample was washed to remove DACM-Q-mercapto ethanol complex and stored as described (8) . FITC treatment (21) was started by the addition of FITC to obtain a final concen tration of 50 ,uM in 4.6 ml of solution con taining 25 mM Tris-HCI and 2 mM EDTA Tris with 0.5 mg/ml of enzyme protein at 25°C and pH 8.2. After 30 min, the treatment was terminated by adding 35 ml of a solution containing 25 mM imidazole-HCI and 1 mM EDTA-Tris (pH 7.4). The sample was washed by centrifugation as described above to remove free FITC. The precipitates were suspended and centrifuged again and stored as described above.
The fluorescence changes during the hydrolysis of ATP were measured at 25'C (7) (8) (9) (10) 12) . When added, the ligands were 3 ,ul of 28.8 mM ATP-iris (sample cell) or ADP-Tris (reference cell) and 3.2 of of 2 M KCI (sample cell) or NaCI (reference cell). The same volume of H20 was added to the reference cell when ouabain solution was added to the sample cell. The BIPM fluorescence was excited at 313 nm, and the emitted light was detected at 365 (BIPM) nm or 455 (DACM) nm. DACM fluorescence was excited at 390 nm, and the emitted light was detected at 455 nm. The fluorescence measurements described in this paper were performed under the con dition that the relative fluorescence intensity versus protein concentrations of each derivatized enzyme was linear.
The treatment of trypsin (17, 18) was started by adding trypsin in a 1/50 weight ratio trypsin/Na+,K+-ATPase to a solution containing Na+,K+-ATPase protein (0.2 mg protein/ml), 25 mM imidazole-HCI (pH 7.4), 250 mM sucrose and 2 mM EDTA with 150 mM KCI (37'C) or with 10 mM NaCI and 1 mM ADP (25°C). The reaction was termi nated at 12 or 20 min, respectively, by adding trypsin inhibitor at the trypsin/ inhibitor weight ratio of 1/3. The samples were incubated further for 10 min at 37°C for the solubilization with 2% SDS (pH 7.4) and 1 mM N-ethyl maleimide. Each sample was filtered with a Millipore filter (HA, 0.45 itM) before it was analyzed by H PLC.
The filtrate was applied to a gel filtration HPLC column (Toyo Soda, TSK-Gel 3000 SW, 0.75 x 60 cm) equipped with a guard column of TSK-Gel GSWP equilibrated with a buffer containing 0.1 M sodium phosphate (pH 6.9), 0.2% SDS, 1 mM r3-mercapto ethanol and 0.02% sodium azide. The flow rate was 0.3 ml/min. The relative fluorescence intensity of BIPM fluorescence (excitation at 313 nm and emission at 365 nm), DACM (excitation at 390 nm and emission at 455 nm) and FITC (excitation at 495 nm and emission at 520 nm) were monitored by a fluorescence monitor (Shimadzu RF-530). The amount of fluorescent residue incor porated into the a-chain was estimated from the molar absorption coefficient of the chain at 280 nm to be 14,300 M-1, cm-1 (22) , from that of bound BIPM at 313 nm to be 28,000 M-1, cm-1 (23) and from that of bound DACM at 380 nm to be 19,800 M-1, cm-1 (24) .
[y-32P]-ATP was synthesized as described (25) . BIPM and DACM were obtained from Wako Pure Chemicals, Ltd. (Osaka, Japan). FITC was obtained from Kodak (Rochester, NY, U.S.A.). Trypsin and soybean trypsin inhibitor were obtained from Sigma (St. Louis, MO, U.S.A.). Pyruvate kinase and lactate dehydrogenase were obtained from Boehringer Mannheim-Yamanouchi (Tokyo, Japan). All other chemicals were of reagent grade.
Results
Time course of the modification with BIPM: The BIPM modified enzyme used throughout the kinetic experiments (7-12, 26, 27) contained 3-4 mol of BIPM residues/ a-chain. In order to find the condition that modifies the enzyme more specifically, the time course of the modification at pH 7.4 was studied. The activity immediately decreased (t0.5=1 min) with the rapid incorporation of two moles of BIPM (Fig.  1A) . However, the extent of fluorescence changes accompanying the formation of E1 P and E2P increased rather slowly (t0.5=3 min) to give a steady level of -1.5 and 3%, respec tively ( Fig. 1 B) . The inset of Fig. 1 B shows that significant fluorescence change oc curred only after nearly 2 mol of BIPM were incorporated into the a-chain at 0°C: the same results were obtained at 37'C as already reported (28) .
Effect of DACM modification of the BIPM modified enzyme: Prolonged incubation with BIPM at 0°C (45 minim) seemed to cause further reduction in the activity and an increase in the amount of incorporation with decrease in the relative fluorescence in tensity change accompanying the formation of El P and E2P (data not shown).
It was considered that BIPM treated enzyme which contained nearly 3 mol of BIPM residues and showed dynamic fluorescence changes continued to incorporate other sulfhydryl fluorescent reagents such as DACM. Using a fluorescence energy transfer, it would be possible to obtain some information about the arrangement of these residues in the three dimensional structure of Na+,K+-ATPase.
To investigate this point, DACM was added to the enzyme, which was pretreated with BIPM for 20 min. Addition of DACM induced a rather slow decrease in the Na+,K+ ATPase activity (t0.5=2.3 hr) and a con comitant increase in the amount of DACM residues in the a-chain (Fig. 2) . The plot of the activity versus the amount of incor poration (inset of Fig. 2 ) seemed to give two straight lines which suggested that the decrease in the activity was due to the DACM modification of at least two different residues.
Fluorescence spectrum of DACM treated enzyme pretreated with BIPM: When the BIPM-DACM treated enzyme preparations were excited at 313 nm, the emission maximum was observed not only at 363 nm but also at 455 nm (Fig. 3A) . The BIPM treated samples gave only a single emission maximum at 363 nm when excited at 313 nm as already reported (7). To investigate whether the appearance of two fluorescent peaks was due to the energy transfer from BIPM to DACM residues or not, SDS was added to the BIPM-DACM treated enzyme to destroy the three dimensional structure (Fig. 3A) . The relative fluorescence intensity in the DACM fluorescence (455 nm) decreased with a concomitant increase in the BI PM fluorescence (363 nm) when the excitation wavelength was 313 nm (Fig. 3A) . SDS also reduced the magnitude of the The fluorescence intensity of BIPM-DACM enzyme was measured as described above except SDS was added to a concentration of 0.6% when indicated.
fluorescence intensity at 455 nm with concomitant red shift in the emission maxi mum (459 nm) when the excitation was 390 nm (Fig. 3B) . The data suggested that SDS increased the hydrophobicity of the microenvironments of the BIPM residues but decreased those of the DACM residues in the BIPM-DACM enzyme. SDS reduced the fluorescence intensity at around 455 nm to nearly 35% and 80%, respectively, when the excitation wavelength was 313 nm and 390 nm (Fig. 3A and B) . The data suggested the presence of two different DACM residues with different sensitivity to SDS.
As a control experiment for the fluorescence energy transfer, equal amounts of the enzyme, one treated with BIPM for 15 min and the other with DACM for 20 min, were mixed: each preparation showed a typical corresponding fluorescence maximum peak at around 363 nm and 455 nm, respectively, when excited at 313 nm and 390 nm. However no detectable fluorescence at around 455 nm was detected when the preparation was excited at 313 nm: the energy transfer did not occur between the BIPM treated enzyme and the DACM treated enzyme (data not shown). These data clearly indicated that at least one DACM residue was close enough to the BIPM residue(s) in the three dimensional structure in BIPM-DACM treated Na+,K+-ATPase to accept the fluorescence energy. The dena turation by SDS seemed to cause the increase in the distance between both residues to reduce the energy transfer. The DACM fluorescence (455 nm) observed after the addition of SDS (Fig. 3A) seemed to be also due to the energy transfer even after the denaturation of the enzyme: the extent of the fluorescence was too large to explain by the excitation of DACM residues at 313 nm (data not shown).
Fluorescence changes of BIPM and DACM residues during the hydrolysis of ATP: To investigate the fluorescence change of the BIPM-DACM treated enzyme more precisely, fluorescence intensity changes ac companying the formation of reaction inter mediates were measured. Addition of ATP to the enzyme in the presence of Mg' with 2 M Na+ immediately decreased the BIPM fluorescence (excitation at 313 nm and emission at 365 nm), due to the accumulation of El P as shown (Fig. 4A1 ). Readdition of ATP had little influence on the level, because the initially added ATP had been still present at sufficient concentration to form El P: the rate of ATP hydrolysis was too low to exhaust the ATP present in the presence of 2 M Na+ with Mgt'. Addition of ouabain immediately increased the fluorescence and stabilized it at the maximum level to form ouabainE2P (Fig. 4A1) . Addition of ATP to the enzyme in the presence of 16 mM Na+ and 0.43 mM Mg2+ transiently increased the BIPM fluorescence due to the accumulation of E2P as shown (Fig. 4A2) . The fluorescence intensity decreased with time to the original level accompanying the breakdown of ATP to ADP+Pi and finally to form the complex of Mg2+, ADP and the enzyme (NaE1 ADP) (8, 1 1 ). Readdition of ATP immediately increased the fluorescence again, and further addition of K+ slightly increased the fluorescence due to the formation of KE2. Ouabain interrupted the dynamic fluorescence change due to the formation of ouabainE2P.
The above data were nearly the same as those observed in the BIPM treated enzyme without DACM treatment as already reported (8) , except that the relative fluorescence intensity of Et P and E2P, respectively, changed from -2.1% to --1.3% and from 4.6% to 3.6%, and that the level of KE2 was slightly higher than that of E2P (Fig. 4A2) .
The same experiments were performed except that the emitted light was detected at 455 nm (DACM fluorescence). Similar fluorescence changes to those observed at 365 nm were also observed at 455 nm (Fig.  4B, ,2) , except that the relative fluorescence intensity of E, P and E2P decreased con siderably to give -0.7% and 2%, respec tively, and the level of E2P was clearly higher than that of KE2 and ouabainE2P (Fig. 4B2) .
BIPM treated enzyme preparations showed only one maximum peak at 363 nm when excited at 313 nm (8) . The reversible fluo rescence changes at 455 nm (Fig. 4B2 ) clearly indicated that at least one DACM residue is located close enough to a BIPM residue(s) to be able to accept fluorescence energy during ATP hydrolysis. The decrease in the relative fluorescence intensity of KE2 and ouabainE2P (Fig. 4B2) suggested the increase in the distance, which means the decrease in the fluorescence energy transfer, between BIPM and DACM residues accom panying the conversion of E2P to the above intermediates. Fig. 4 . Dynamic fluorescence changes accompany ing the formation of E, P, E2P, KE2 and ouabain bound E2P. The enzyme was treated with BIPM for 20 min and treated further with DACM for 3 hr as described in Materials and Methods. The BIPM DACM-enzyme was excited at 313 nm, and emitted light was detected at 365 nm (A) and at 455 nm (B). The fluorescence was also excited at 390 nm, and emitted light was detected at 455 nm (C). The fluorescence changes accompanying formation of E,P, and ouabain (OUAB) E2P (A,, B, and C,) in the presence of 0.43 mM MgCl2 with 2 M NaCI and E2P, KE2 and ouabainE2P (A2, B2 and C2) in the presence of 0.43 mM MgCl2 with 16 mM NaCI are shown. Each parentheses in the figure shows the reaction intermediates accumulated under each condition.
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Addition of ATP to the enzyme in the presence of 2 M Na+ with 0.43 mM Mg2+ immediately decreased the DACM fluo rescence to form E1 P, and the readdition of ATP had little influence on the level irrespec tive of the excitation wavelength ( Fig. 4B1  and C1 ). Addition of ouabain to E1 P to form ouabainE2P did not increase the fluorescence when the BIPM-DACM enzyme was directly excited at 390 nm (Fig. 4C1) .
Addition of ATP to the enzyme in the presence of 1 6 mM Na+ with 0.43 mM Mg2+ to form E2P transiently decreased the fluo rescence intensity. The fluorescence intensity increased with time to the original level to form NaE1 ADP (Fig. 4C2) . Readdition of ATP immediately decreased the fluorescence to form E2P again. Addition of K+ to form KE2 further decreased the fluorescence and the addition of ouabain slowly increased it to give a level similar to that observed in the presence of E2P (Fig. 4C2) .
These data indicated ( Fig. 4C1 and C2 ) that the phosphoenzymes such as E1 P, E2P and ouabainE2P give similar negative fluo rescence intensity with respect to the fluo rescence intensity of the Na+ form enzyme when DACM residues are directly excited at 390 nm. The data also indicates that the conformational difference between KE2 and ouabainE2P can be clearly detected when DACM residues are excited at 390 nm: such clear difference has been detected neither by BIPM (Fig. 4A2 ) nor DACM fluorescence (Fig. 4B2) excited at 313 nm.
Localization of BIPM and DACM residues in the Na+,K+-ATPase estimated by tryptic digestion: It was already shown that trypsin treatment in the presence of K+ and Na+ with ADP produced, respectively, 58 kdal peptides with 48 and 77 kdal peptides from the a chain (17, 18). It was also shown that the phosphorylation site is present in the 48 kdal peptide (29) , and the fluorescein isothiocya nate modified residue is present in the middle of the 77 kdal peptide (30) . The former and the latter residues were shown to be, respectively, Asp 369 and Lys 501 in the sheep kidney Na+,K+-ATPase (16). To estimate the localization of the residues involved in the fluorescence change, the enzyme preparation which contained 2.2 mol of DACM and 3 mol of BIPM in the a-chain was treated further with FITC (21). The resulting preparation was applied to a gel filtration column (SW 3000) before or after the trypsin treatment in the presence of K+ or Na+ with ADP (17, 18). Each fluorescence intensity was monitored to identify the localization.
These three different fluorescence residues were found to be present in the a-chain (Fig.  5, top) . Several small BIPM fluorescence peaks were due to contaminants in the Na+,K+-ATPase preparation, because they remarkably decreased or disappeared when BIPM treated preparations were treated by SDS and purified (31) by a sucrose density Fig. 5 . Elution profile of peptides containing fluorescence probes after limited trypsinolysis. The same lot of enzyme preparation used in Fig. 4 was further treated with FITC as described in Materials and Methods and was further digested with trypsin. The samples before (A) and after trypsin treatment in the presence of 150 mM KCI at 37°C for 12 min (B) or 10 mM NaCI with 1 mM ADP at 25°C for 20 min (C) were applied, respectively, to a SW 3000 column, and the fluorescence intensities of BIPM (--), DACM (------) and FITC (---) were detected. Details are described in Materials and Methods.
gradient (data not shown).
Trypsin digestion in the presence of K+ produced a symmetrical peak with the fluorescence of both BIPM and FITC and also another symmetrical peak with that of DACM. The apparent molecular weight of these peaks was estimated to be 58 and 48 kdal (Fig. 5, middle) as already reported in the non-modified purified enzyme (17, 18). The digestion in the presence of Na+ with ADP produced 77 kdal peptides as already reported in the non-modified enzyme (18). The peptide contained both BIPM and DACM fluorescence as shown (Fig. 5, bottom) . However, the relative fluorescence intensity of BIPM and DACM residues was not the same in the smaller peptides that appeared in the retention time at 46-50 min: these are degradation products of 77 kdal peptide because such small peptides, especially DACM containing peptides, were not found in the control (Fig. 5, top) .
Several peaks with much smaller molecular weight appeared at the retention time of 55 68 min (Fig. 5, middle and bottom) . It seemed that they were the degradation products from larger peptides such as 58, 48, 77 and 43 kdal peptides, because the increase in the incubation time with trypsin in each con dition decreased the amount of these pep tides remarkably with simultaneous increase in the amount of peaks with the smaller molecular weight (data not shown).
The above data (Fig. 5 ) and the results of others (17, 18, 29, 30) indicated that the BIPM residues present in the a-chain were mainly localized near the FITC binding site (Lys 501) rather than near the phosphory lation site (Asp 369), and that DACM residues were mainly localized near the latter rather than the former site.
Discussion
Fluorescence intensity change accompany ing ATP hydrolysis:
Na+,K+-ATPase pre parations treated with BIPM showed ouabain sensitive dynamic fluorescence and light scattering changes during the hydrolysis of ATP (6) (7) (8) (9) (10) (11) (12) (26) (27) (28) . The preparations showed directly that ATP hydrolysis occurs via E, S*, E, P, E2P and KE2 accompanying confor mational change and that ouabain stabilized the conformational state of E2P to form ouabainE2P (6) (7) (8) (9) (10) (26) (27) (28) . Recently, it was also shown that the three dimensional structure of Na+,K+-ATPase, which is im portant in the dynamic fluorescence and light scattering changes, is little affected in spite of extensive covalent bond splitting in the a-chain of Na+,K+-ATPase (27) . However, the localization of the BIPM residues involved in fluorescence change in the primary or the three dimensional structure has not been clarified except that the site of the BIPM residue participating in dynamic fluorescence change is Cys 964 in the a chain of Na+,K+-ATPase (28) . Identification of the localization of these residues in the three dimensional structure would be very useful to clarify the mechanism of ouabain sensitive energy transduction.
The present data showed clearly the occurrence of fluorescence energy transfer between BIPM and DACM residues in the three dimensional structure (Figs. 3A and 4B1, B2) in the a chain. The data also showed that the relative fluorescence intensity of DACM fluorescence observed by excitation of BIPM residues changed accompanying the formation of various reaction intermediates.
To compare the efficiency of energy transfer qualitatively in various reaction intermediates, each ratio of the fluorescence intensity at 455 nm (DACM) and 365 nm (BIPM) was calculated to be 0.3, 0.6, 0.2 and 0.2 for E, P, E2P, KE2 and ouabainE2P, respectively: the larger the ratio, the greater the efficiency of fluorescence energy transfer from BI PM to DACM residues. The data suggest that both residues ap parently came closest to each other in the state of E2P, but were rather separated in the state of KE2 and ouabainE2P.
Recently residues (emission at 455 nm with excitation at 313 nm or 390 nm) during ATP hydrolysis could not be detected (data not shown). This suggests that the fluorescence energy which was accepted by DACM came from residues other than those in Cys 964, and/or that the NEM treatment somehow diminished the dynamic fluorescence changes of DACM residues. However the latter possibly seems to be unlikely, because the preparations modified sequentially with NEM and BIPM retained the same Na+,K+-ATPase activity to that of non-modified enzyme (28) .
The direct excitation of DACM residues also induced a dynamic fluorescence change ( Fig. 4C1 and C2) , of which the direction was completely opposite to that of DACM fluorescence (energy transfer) observed by the excitation of BIPM fluorescence ( Fig.  4B1 and B2 ), except the direction of fluo rescence change accompanying formation of E, P. Thus two different DACM residues, both of which changed their microenviron ment during ATP hydrolysis, could be distinguished:
one residue was located close enough to BIPM residue(s) to accept fluorescence energy ( Fig. 4B1 and B2 ) and the other was located too far to accept the energy (Fig. 4C, and C2 ). The apparent change in the DACM fluorescence excited at 390 nm is the sum of the fluorescence changes induced by two different DACM residuces: if it were possible to excite the latter residue only, the magnitude of the fluorescence changes should be much larger.
Localization of BIPM and DACM residues in the primary structure:
During the pre paration of this manuscript, it was reported that trypsin in the presence of Na+ with ADP and K+, respectively, cleaved a bond in the a-chain between Arg 262 and Ileu 263 (32, 33) and between Arg 438 and Ala 439 (33) . The 48 and 58 kdal peptide produced in the presence of K+, respectively, contained DACM and both BIPM and FITC fluo rescence.
Thus two DACM residues were thought to be present in the peptide at about 19 kdal (=77-58) away from the amino terminus of 58 kdal peptides. Part of the 19 kdal peptide was already shown to contain phosphorylation sites (29) . The amino acid sequence of the a-chain has been deduced from the cDNA of sheep kidney (16) and that of Torpedo electroplax (34) . Thus it may be possible to estimate that two of the four cysteinyl residues Cys (336, 349, 367, 421) present within 19 kdal from the amino terminus were modified by DACM.
BIPM residues are present mainly in the 58 kdal peptide, which contains the FITC binding site (Lys 501) and the carboxy terminus. These data are consistent with the finding that the dynamic fluorescence change accompanying ATP hydrolysis was due to the modification of Cys 964 (28) , which is located in the hydrophobic region near the carboxy terminus (16). Presence of energy transfer from BIPM to DACM residues even after the addition of sodium dodecyl sulfate (Fig. 3A) suggested that at least one BIPM residue is still present that is close enough to the DACM residue localized in the 19 kdal peptide in the a-chain: it could not be deter mined whether the same BIPM residue donates the fluorescence energy to the DACM residue(s) after the addition of SDS, or not. All the cysteinyl residues observed in and near the 19 kdal peptide were shown to be present in a hydrophilic environment except for Cys 336 (16). The amino acid sequences around Lys 501 (ATP binding site) and Asp 369 (phosphorylation site) seemed to be rather hydrophilic (16, 34). ATP binding preceding phosphorylation reduced the BIPM fluorescence in Cys 964 (6, 7, 26) , but the transition of E, P to E2P remarkably increased the fluorescence (6, 7) . Ouabain stabilized the fluorescence intensity at the maximum level (Fig. 4 A,-B2 ). The order of fluorescence intensity in each of the intermediates of BIPM (excitation at 313 nm and emission at 365 nm), DACM (ex citation at 313 nm and emission at 455 nm) and DACM (excitation at 390 nm and emission at 455 nm) residues were, respec tively, as follows: E1 P<NaE1 <E2P<KE2ti ouabainE2P, E, P<NaE, <KE2-ouabain E2P<E2P and KE2<E1P~E2P-~ouabain E2P<NaE1.
These data indicated that at least three different sulfhydryl fluorescent residues change their microenvironments out of phase during ouabain sensitive hydrolysis of ATP. The introduction of one BIPM residue, which inhibited the activity without changing its microenvironment has been shown ( Fig. 1 of this report and Fig. 1 of  reference  28 ). These data suggested that there are several domains with and without changing their microenvironments in the three dimensional structure in Na+,K+-ATPase. Further studies to identify each fluorescence residue and to estimate the distance between residues are now in progress.
